among the more elderly and sick populations and causing significantly worse outcomes, when compared to influenza patients. Vaccination appeared as a protective factor against hospitalizations with FluB as compared with FluA.
Background
Influenza-like illness (ILI) is a significant cause of hospitalizations in every winter season, and is associated with increased morbidity and mortality directly from the viral infection, bacterial superinfection or exacerbation of preexisting medical conditions. The principal ILI-related viruses commonly diagnosed are Influenza A and B (FluA, FluB) and Respiratory Syncytial Virus (RSV) [1] , [2] . Influenza viruses are associated with thousands of deaths worldwide annually. Each winter season is characterized by a different mix of concurrent circulation of two FluA subtypes (A/H3N2 and A/H1N1) and 1-2 antigenically and gentenically distinct FluB lineages (B/Yamagata and B/Victoria). The impact of FluB viruses on influenza-related morbidity and mortality is increasingly recognized [3] and during the last seasons a shift from B/Victoria to B/Yamagata predominance occurred in Europe [4] as well as in Israel [5] . The Israel Center for Disease Control (ICDC) performs national laboratory and clinical surveillance of ILI based on encounters in sentinel clinics and emergency department (ED) admissions of patients with ILI and pneumonia [6] , but there are scarce data in the Israeli literature regarding the epidemiology, comparative clinical symptoms (FluA vs FluB) and outcomes of hospitalized adults with seasonal (not pandemic 2009/H1N1) influenza.
RSV is an enveloped, single-stranded RNA virus of the Paramyxoviridae family, considered to be principally a pediatric pathogen. Recently, RSV has been shown to account for 7-8% of adult hospitalizations with ILI [7] [8] [9] , causing a more severe disease among the elderly, nursing homes [10] , immune-compromised patients and in those with underlying cardiopulmonary diseases [7, 8] . Patients hospitalized with RSV have different epidemiological characteristics than patients with influenza [8, 9] , being older, with more co-morbidities, and with graver hospitalizations' outcomes [8] . There are practically no epidemiological nor clinical data regarding RSV infection among hospitalized adults in Israel. The ICDC reports that during the last 3 winter seasons, 9-18% of the ILI cases were RSV positive, but these figures include children and do not represent the hospitalization burden of RSV in Israel.
Considering the aforementioned lack of data, we aimed to investigate the epidemiology, clinical signs and symptoms, the rate and variety of complications and clinical outcomes of hospitalized patients who were diagnosed with viral-related ILI during the years 2015-2018 in our center.
Methods

Setting
This was a single center, retrospective observational trial, performed in the Sanz medical center, a 400-bed community-hospital, located in central Israel. Laboratory testing for patients hospitalized with respiratory viral infection (RVI) was done using a polymerase chain reaction (PCR)-based commercial system (Cepheid, Xpert Xpress Flu/RSV) for the diagnosis of FluA, FluB and RSV. Criteria for hospitalization were patients having risk factors for RVI complications (e.g. elderly patients, patients with previous cardiopulmonary disorders, immunosuppression) or patients with severe RVI (e.g. hypoxemia, respiratory distress, confusion, suspected bacterial superinfection). The decision for performing a PCR test was controlled by three infectious diseases specialists (R.C., F.B., T.F.), while being hospitalized with an RVI sufficed to order the test. Only patients that were presented to an infectious disease specialist were approved to perform a PCR testing.
Primary outcome was death during the index hospitalization. Secondary outcomes included length of stay and RVI-related complications.
Patients. Positive PCR laboratory results during 3 winters of 2015-2018 were retrieved from the molecular laboratory database. One infectious diseases specialist (R.C.) analyzed all the medical records. The following variables were extracted: age, sex, residency (home or longterm care facility (LTCF)), dates of hospitalization and discharge or death, date of the first symptom and length of time from this date to ED admission, the diagnosis at discharge and oseltamivir administration. Background medical conditions were extracted including calculated Charlson score. The current-season vaccination status was recorded, when noted in the medical file, as well as the patient-reported symptoms and complications that occurred during the index hospital stay. We defined health-care associated infection (HAI) (as opposed to community acquired) as symptoms of RVI occurring more than 48 hours from hospitalization.
Hospitalizations due to RVI. The total number of hospitalizations per month was retrieved in an aggregative manner from the hospital computer database. The diagnosis codes were reviewed and all ED codes that were found to be related to RVI were extracted and added to be the sum of 'hospitalizations due to RVI'. The list of ICD9 codes of diagnoses can be found in the supplemental S1 Table. The rates of each PCR-proven viral infection were corrected to the corresponding month RVI-related hospitalization rate (number of viral diagnoses/100 RVI-related hospitalizations). RVI-related death was determined if the patient's death occurred during the index hospitalization and was related to the viral infection or to its complications.
This study was approved by the institutional ethics committee of the Laniado medical center (0027-18-LND).
Statistical analyses. Patient characteristics were summarized using descriptive statistics. Differences between categorical and continuous variables were calculated using Pearson's Chi square, Student's t-test and Mann Whitney tests, as appropriate. One-way ANOVA was used to analyze differences among 3 groups, and the Games-Howell test was used in cases in which the Levine test for homogeneity showed that the groups were non-homogeneous. KaplanMeier method was used for survival analysis with the day of hospitalization serving as day 0. Differences between curves were calculated with the 2-sided Log Rank test. Cox regression was used to identify risk factors for death related to viral infection. Death and discharge from hospital were treated as competing events. Univariable Cox regression was conducted, and variables that had a p value <0.08 were introduced into a multivariable analysis in which we first included the age, then type of viral infection and then the significant variables from the univariable analysis using the backward stepwise method (Wald). All statistical analyses were performed using IBM SPSS statistics version 25 for Windows. In all statistical analyses, a twosided p-value less than 0.05 was considered statistically significant.
Results
Patients with laboratory-confirmed RVI
Between November 2015 and April 2018, 28,722 patients were admitted to the ED with RVI, of which 13,770 were hospitalized. We identified 759 patients with laboratory-confirmed FluA, FluB or RSV. Characteristics of hospitalized adults with Influenza A, B and RSV 148 with FluB and 85 with RSV (Fig 3) . For the analysis of signs and symptoms we included the 25 patients that were not hospitalized. In 532 out of 539 cases (98%) the PCR test was sent from the admitting ward, while 7 were diagnosed in the ED and then hospitalized.
Seasonal viral epidemiology
In comparison with the two previous winter seasons, the 2017-2018 winter was predominated by FluB peaking earlier and higher than FluA. FluB was diagnosed in 100 patients-49% of all laboratory-confirmed viral infections in this winter (as opposed to 4 and 44 cases during the 2016-17 and 2015-16 winter seasons, respectively, Fig 2) . RSV caused 15.7% of hospitalizations in patients with laboratory-confirmed RVI, being slightly more frequent in the 2017-18 season, with 36 cases (18% of RVI) identified as compared with 24 (14%) and 25 (14%) cases diagnosed in the two previous seasons (differences not reaching statistical significance).
Patients' characteristics
FluA and FluB had the same demographic characteristics and background morbidity, except for the incidence of ischemic heart disease (IHD) which was higher in patients with FluA as compared to those with FluB (23 vs 13%, p = 0.016), and the mean Charlson comorbidity score (higher in FluA, 4.3 vs 3.7, p = 0.03). Another exception was the vaccination history: only 3% of hospitalized patients with FluB received the inactivated influenza vaccine preceding the current winter season, as compared with patients hospitalized with FluA or RSV (14% and 12% respectively, p = 0.001), Table 1 .
On the other hand, patients with confirmed RSV infection were older compared with patients with FluA and FluB (mean age 74.2 vs 66.7 and 65.1 respectively, p<0.0001). They also had more co-morbidities, with statistically significant higher rates of diabetes mellitus, (2) 24 (14) 2017-2018 (%) 67 (33) 100 (49) 36 ( 
Background morbidity
Diabetes mellitus (%) 84 (27) 45 (30) 37 (43) 0.018 †, 0.006 † † CNS disease (%) 66 (21) 26 (17) 16 (19) NS IHD (%) 71 (23) 20 (13) 22 (26) 0.028 †, 0.016 (16) 17 (11) 24 (28) 0.004 †, 0.002 † † RHD/Valvular disease (%) 7 (2) 5 (3) 8 (9) 0.009 †, 0.002 † † Asthma (%) 17 (5) 8 (5) 6 (7) NS COPD (%) 85 (28) 35 (23) 26 (30) NS CRF (%) 46 (15) 13 (9) 23 (27) 0.001 †, 0.001 † † Hematologic disease (%) 17 (5) 9 (6) 7 (8) NS
Immunosuppression (%) 28 (9) 13 (9) 10 (12) NS Chronic anemia (%) 62 (20) 29 (19) 21 (25) NS Previous hospitalization d/t RVI (%) 22 (7) 16 (11) 17 (20) 0.002 †, 0.001 † † Dementia (%) 47 (15) 24 (16) 26 ( IHD, congestive heart failure (CHF), rheumatic or other valvular heart disorder, chronic renal failure (CRF), dementia, and record of previous hospitalizations due to RVI. The Charlson comorbidity score was also significantly different between all the groups (RSV higher than FluA, which in its turn was higher than FluB).
RVI characteristics
Influenza symptoms. The leading clinical symptoms of influenza (both FluA and FluB) were fever (82%), cough (75%), dyspnea (41%), weakness (31%), rhinorrhea (30%), vomiting (14%), chest pain (11%), chills (11%), myalgia (10%) and headache (9.6%). Other less commonly reported symptoms (<10%) were confusion, fall, syncope or pre-syncope, dizziness and diarrhea. Paroxysmal atrial fibrillation (PAF) was reported upon admission in 8% of patients with influenza.
Patients with FluB had significantly higher rates of rhinorrhea (37 vs 26%, p = 0.016) and diarrhea (9 vs 4%, p = 0.028) than patients with FluA, while patients with FluA had higher rates of dyspnea (45 vs 35%, p = 0.035) and stupor (6 vs 2%, p = 0.04), Table 2 .
RSV symptoms. The leading symptoms were cough (72%), dyspnea (66%), fever (55%), weakness (20%), rhinorrhea (24%), chest pain (12%), stupor (12%) and PAF (10%). Less common symptoms (<10%) included gastrointestinal symptoms (vomiting, abdominal pain and diarrhea), chills and dehydration. Patients with RSV had lower rates of fever than patients with influenza (55 vs 82%, p<0.0001), but patients already presenting with fever had a similar mean temperature compared to those with influenza. Compared to patients with influenza, patients with RSV rarely complained of headache (1%). They also had higher rates of dyspnea and stupor and significantly lower rates of rhinorrhea, confusion, dizziness, falls and weakness.
Hospitalization outcomes
Disease complications. The most common complication of FluA and FluB, occurring on admission (or within 2 days), was bacterial pneumonia (19%). Any bacterial complication occurred in 27% of patients with influenza. Other common complications were cardiac and rhythm-related (22% of patients with influenza). None of the complications were found to be significantly different between FluA and FluB. Over 70% of patients with influenza were treated with antimicrobials, Table 3 .
Similar to patients with influenza, the main complication of RSV was bacterial pneumonia (31%). Several complications were significantly higher in RSV than in patients with influenza, such as pneumonia and any bacterial complication, CHF exacerbation, acute respiratory failure, mechanical ventilation, need for tracheostomy and death related to viral infection (13 vs 6%, p = 0.04). Rhabdomyolysis, as well as other neuromuscular complications, were not seen at all among patients with RSV, in contrast to patients with influenza (0 vs 5.5%, p = 0.02). Antimicrobial therapy was administered to 88% of RSV patients, significantly more than patients with influenza (p = 0.006).
Patients with RSV had longer hospitalization duration compared to patients with FluA and FluB (mean 7.3 vs 5.5 and 5 days, respectively, not reaching statistical significance, p = 0.07).
Antimicrobial therapy
Antibiotic therapy was administered to 77% (413/539) of the patients. In 133 of them (32%) there was a concomitant bacterial infection (115 community acquired pneumonia, 4 nonpneumonic blood stream infection, 6 sinusitis and 8 had another bacterial infection). For the rest 280 patients-in 104 patients (37%) the antibiotics were stopped when the PCR results returned, and in the remaining 176 it was continued. Most of these patients were either considered to have a concomitant atypical bacterial infection, or were very sick or fragile.
The most common bacteria that were found in the blood stream were Streptococci, followed by Gram negative non-fermenter bacilli. The bacteria that were cultivated from the blood stream and from the sputum are listed in supplemental S2 Table. Most patients with influenza (421/454, 93%) were treated with oseltamivir.
Patient's survival
The overall RVI-related in-hospital mortality rate was 7.6%, with no significant difference among the 3 winter seasons (Fig 4) . Death related to the viral infection or its complications was higher among patients with RSV (13%) as compared with FluA (7%) and FluB (5%). Cumulative 21-day mortality was higher in patients with RSV compared to patients with influenza, Log Rank = 5.469, p = 0.019 (Fig 5) . Death rates were not significantly different between influenza patients who were treated with oseltamivir, as compared with those who were not (6.4% vs. 9.1%, p = 0.47).
The following variables on Cox regression, were found to be associated with increased risk for death: age (Hazard ratio (HR) = 1.033, p = 0.038), previous hematologic disease (HR = 4.4, Table 4 .
Discussion
Influenza B was the predominant virus causing hospitalization due to RVI in our study during the winter of 2017-18, as compared with the 2 previous seasons. This predominance was evident throughout Israel, and the ICDC reported in July 2018, that out of 606 influenza positive samples taken in the sentinel clinics since October 1 st 2017, 70% were FluB, and 30% were FluA (55% H1 and 45% H3 strains) [11] . Influenza B/Yamagata strain, surpassing rates of FluA in this season, was also described in Europe [12] . In Israel, B/Victoria was dominant during 2015-16, estimated to infect 45% of the population of Israel [13] , while in 2016-17, FluB was barely diagnosed (but included mainly B/Yamagata strain). In the 2017-18 season, B/Yamagata dominated. This lineage was covered only by the quadrivalent influenza vaccine (QIV), administered by only 2 out of 5 health maintenance organizations (HMOs) in Israel. This fluctuation in the appearance and disappearance of FluB lineages along several years was described in Israel during past winters [13] . Since most of the infection-aspects that were studied were similar between FluA and FluB, the 2017-18 FluB predominance (as well as its absence in the Characteristics of hospitalized adults with Influenza A, B and RSV 2016-17 winter) did not affect the overall RVI severity. RSV, which was slightly more frequent in the 2017-18 season, may have contributed to RVI severity, since RSV-infected patients were older, sicker with significantly worse outcomes. Apart for pandemics, there are no major epidemiological differences between FluA and FluB. Several studies have shown predilection of FluB for children and young adults [3, [14] [15] [16] , but epidemiology data regarding hospitalized adults are less clear.
We have found only minor epidemiological differences between FluA and FluB, which included significantly lower Charlson scores and lower rates of IHD among FluB hospitalized patients. In our cohort, which included patients 16 years and older, there were no differences in the average age, hospitalization rates and lengths, comorbidities or other demographic features between the 2 viruses. An important epidemiological exception was the percentage of the vaccinated patients who were hospitalized with FluA vs FluB. Vaccination had a protective effect in preventing hospitalization for both viruses, represented by the significantly higher rates of hospitalized patients who were either non-vaccinated or their vaccination status was unknown, as compared to vaccinated patients. But while 14% reported receiving vaccine in the current season had documented FluA, only 3% of vaccinated patients were hospitalized due to FluB (p = 0.002). This suggests that influenza vaccine (trivalent and QIV) may have prevented hospitalization of FluB significantly better than it did for FluA. When analyzing the data according to the type of vaccine given, no patient (0/44) who received the QIV, and 4.8% (5/ 104) who received the trivalent vaccine were hospitalized with FluB. The respective figures Characteristics of hospitalized adults with Influenza A, B and RSV regarding FluA were 14.9% and 13.2%. These data relate to the 3 seasons combined, i.e. including the winter of 2016-17 in which FluA dominated. Several other studies reported better vaccine effectiveness (VE) against FluB (as compared with FluA viruses), [17] [18] [19] [20] but more data are needed in order to confirm these findings.
Clear epidemiological differences between RSV and influenza patients were seen in our study, including significantly older age with significantly higher Charlson score. Older age was probably the surrogate of significantly higher prevalence of IHD, CHF, rheumatic heart disease, chronic kidney disease, diabetes mellitus and dementia seen among the RSV cohort. This is in concordance with other studies describing the features of susceptible adults suffering from RSV [8, 9, [21] [22] [23] . Falsey et al [7] did not find epidemiological differences between RSV and influenza patients, but they enrolled only healthy elderly patients (>64 years of age), highrisk adults (having heart or lung disease) and patients hospitalized with acute cardiopulmonary conditions; as opposed to our cohort, which included all patients. Higher rates of patients with RSV were not seen among LTCF dwellers, representing the absence of LTCF-related RSV outbreaks in our cohort.
The clinical presentation of the 2 influenza viruses overlaps considerably. Although infections with FluB are sometimes considered less severe than those caused by A/H3N2 [24] , several studies found either similar clinical features between the viruses [25] [26] [27] , or only small differences, such as more gastrointestinal symptoms and myalgia among children with FluB when compared to FluA [28] . Surprisingly enough, comparative clinical presentation differences between FluA and FluB among hospitalized adults have not been thoroughly studied. In CI-confidence interval, CHF-congestive heart failure The variables that were included in the univariable Cox analysis were: age, viral infection (FluA, FluB, RSV), sex, long-term care facility residence, background illnesses (diabetes, central nervous system disease, ischemic heart disease, congestive heart failure, rheumatic/valvular heart disease, asthma, chronic obstructive pulmonary disease, emphysema, bronchiectasis, chronic renal disease, chronic liver disease, previous hematologic disease, immunosuppression, chronic anemia, history of previous hospitalizations due to influenza or pneumonia, dementia, active malignancy, overweight, Charlson score, influenza vaccination status and complications occurring during hospitalization (stupor, fall, seizures, paroxysmal atrial fibrillation, confusion, pneumonia on admission, pleural effusion, empyema, blood stream infection, encephalitis, meningitis, Guillian Barre syndrome, rhabdomyolysis, AV-block, Takatzubo syndrome, acute myocardial infarction, congestive heart failure exacerbation, acute kidney injury, diabetic ketoacidosis, urinary tract infection, aspiration pneumonia, acute respiratory failure, fracture on admission, myocarditis, ventilation associated pneumonia, acute liver failure, mechanical ventilation, antibiotic treatment). Variables with p<0.08 were included in the multivariable analysis.
https://doi.org/10.1371/journal.pone.0214517.t004
Characteristics of hospitalized adults with Influenza A, B and RSV our study, hospitalized patients with FluB had more rhinorrhea and diarrhea than patients with FluA, and lower rates of dyspnea and stupor. Babcock et al reviewed the symptomatology of 207 hospitalized patients with influenza (186 FluA and 21 FluB) during 3 winter seasons and found no differences related to the influenza type [29] . Wie et al compared the clinical symptoms of laboratory confirmed FluA/H3N2 and FluB, among non-hospitalized adult patients during the 2011-12 season, and also found higher rates of rhinorrhea and gastrointestinal symptoms (nausea/vomiting, abdominal pain and diarrhea (although the latter did not reach statistical significance)) among FluB patients [20] . Weakness, headache and chest pain, that were also found to be more frequent in FluB in this study, were not seen in our cohort.
Another study of non-hospitalized patients, found FluB to be associated with higher rates of fatigue and wheezing among adults, symptoms that were not addressed in our cohort [30] . Another large, sentinel-based study of non-hospitalized patients from France, found very minor clinical differences between the different influenza subtypes among adults [31] .
As with the epidemiology, the considerable clinical presentation differences between influenza viruses and RSV have been described [32] . Differentiation between the influenza and RSV may be important since hospitalized patients with influenza should be treated early, while there is no current available treatment for RSV, and neuroaminidase inhibitors are not devoid of side effects. Our findings are in concordance with previously reported data [32] . Fever was noted in only 55% of patients in our cohort, while in influenza it was reported in over 80% (p<0.0001). Dyspnea and stupor were significantly more common among patients with RSV, which could represent the fact of being significantly older with higher rates of preexisting heart failure, dementia, kidney failure and other comorbidities. We found lower rates of headache, dizziness and falls among patients with RSV as compared with influenza, which may represent genuine pathologic differences between the viruses. Lower rates of fever and headache as compared with influenza were also noted among previously healthy working adults with RSV [33] . These clinical disparities, and especially the absence of fever and headache, could help clinicians to consider the possible diagnosis of RSV earlier (consideration not occurring instinctively among physicians treating adult patients).
Known risk factors for complications of both influenza and RSV include advanced age, preexisting cardiopulmonary, neurological, immunosuppression, and other common medical conditions [8, 34] . Complications occurred commonly among patients with both influenza and RSV in our cohort. Regarding influenza complications, we could not find any clinical-outcome differences between FluA and FluB. The equal role of FluB in causing morbidity and mortality as FluA among hospitalized patients was also described by Su et al [35] and in a systematic review [25] . The most common complications of influenza were bacterial infection, especially pneumonia (19%), acute kidney injury and CHF exacerbation. Acute respiratory failure was seen in 8% of patients, resulting in mechanical ventilation. Acute myocardial infarction (AMI) was evident in 6% and 2% of patients with FluA and FluB, respectively (20/ 454 patients). This association is consistent with a recently published study showing the higher risk-ratio for myocardial infarction after influenza infection [36] . Forty-four (9.2%) patients with influenza in our cohort presented with a fall, among which 6 (1.2%) had bone fractures. This complication was more prevalent during the 2017-18 season, where 24/167 (14%) patients with influenza fell, and 3% had fractures. Thirty influenza patients (6.6%) died during the index hospitalization, rates comparable to other studies.
RSV caused 15.7% of laboratory-confirmed RVI related hospitalization and patients with RSV had higher rates of bacterial complications than patients with influenza: one out of three patients had bacterial pneumonia, 14% had CHF exacerbations, 20% acute respiratory failure needing mechanical ventilation and 7% needed tracheostomy. Ivey et al reviewed the literature of cardiovascular complications of RSV among adults, and reported similar figures (13-20%) of CHF exacerbation [22] . In a significant part of infected patients (8% of influenza patients and 10% of RSV patients) PAF was documented on admission. PAF was recently found to be significantly more common among patients with influenza compared with those without [37] , and high rates of arrhythmias were described also among patients with RSV [38] [39] [40] . Rhabdomyolysis and other neuromuscular complications seen in influenza were not encountered among RSV patients. Mortality rate of 13% among RSV patients was seen, probably signifying their pre-infection morbidity and older age. During the first 3 weeks of hospitalization, RSV infection resulted in significantly higher death rates than influenza, p = 0.019 (Fig 5) . We believe that the burden on hospitalization rates as well as the morbidity and mortality (surpassing that of influenza), inflicted by RSV among hospitalized adults is considerably under recognized among treating physicians.
As expected, in a Cox regression model, older age was found to be a crucial prognostic factor for death, as well as previous hematologic diseases, and complications occurring during hospitalizations, mainly pulmonary, cardiac and renal failures. Cardiovascular complications associated with RSV were found to increase the risk of death also by others (hazard ratio 1.71) [39] .
This study has limitations. First, as any retrospective study it has the limitations of inaccuracies probably present in the record files of patients, and it is subject to biases. Second, the study was conducted in a single institute with altogether limited number of subjects. Third, not all the patients hospitalized with RVI were PCR tested in a systematic fashion, a fact that could result in a bias towards including more severe cases in this study. Forth, we did not include a control group, and therefore we could not compare the epidemiologic characteristics of infected vs non-infected patients, and to calculate VE. Fifth, the data regarding the vaccination status were lacking, since in most cases it was not mentioned in the medical record, and so, only the cases that reported being vaccinated were probably valid, while patients in whom vaccination status was unknown from the files, could still have been vaccinated. This may have caused our conclusions regarding the efficiency of the vaccine to be over-estimated. Nevertheless, this potential bias should not have been related specifically to FluB, so the trends are still probably correct.
Conclusions
In summary, we have reflected the predominance of FluB during the 2017-18 winter season occurring within and beyond the borders of Israel, while comparing it to FluA and RSV. We have confirmed the equivalence of FluB and FluA in many epidemiological and clinical aspects, including their role in causing severe disease among hospitalized adults. We demonstrated the immense impact of RSV on adult hospitalization rate, its characteristic susceptible population, unique clinical features (and differences from those of influenza), as well as its related poor outcomes, including death, surpassing those of influenza. By studying thoroughly the symptomatology of FluA and FluB, we were also able to contribute to a surprisingly unexplained lack of medical data regarding influenza symptomatology among hospitalized adults. High rates of complications such as AMI, PAF, falls and bone fractures related to these viruses may also contribute to complete the clinical picture of infected hospitalized adults with influenza and RSV infections. 
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